With the development of city, the problem of traffic is becoming more and more serious. Developing public transportation has become the key to solving this problem in all countries. Based on the existing public transit network, how to improve the bus operation efficiency, and reduce the residents transit trip cost has become a simple and effective way to develop the public transportation. Bus stop spacing is an important factor affecting passengers' travel time. How to set up bus stop spacing has become the key to reducing passengers' travel time. According to comprehensive traffic survey, theoretical analysis, and summary of urban public transport characteristics, this paper analyzes the impact of bus stop spacing on passenger in-bus time cost and out-bus time cost and establishes in-bus time and out-bus time model. Finally, the paper gets the balance best station spacing by introducing the game theory.
Introduction
With the growing problem of urban traffic, the development of public transportation has become the key to solving the problem [1] . Based on existing public transportation network, how to improve the operational efficiency of the bus to reduce the cost of bus travel of residents has become a simple and effective way to develop public transportation [2] . Bus station spacing is an important factor affecting passenger travel time cost [3] . How to set up reasonable bus station spacing has become the key to reducing passengers' travel time.
This study makes an analysis for the passenger leaving and waiting time at bus station, as well as the time cost for get on the bus and get off the bus. The summation of the three factors is the passenger out-bus time cost. The Thiessen polygon method is applied to divide the service areas of the stations. The space rectangular coordinate system is built up to derive the walking time cost. Furthermore, the effect of the bus station spacing on residents transit trip cost has been derived. The in-bus and out-bus time cost for the passengers are modeled. Finally, utilizing Nash two-person bargaining problems for the optimization of bus station spacing is an interesting measure.
Passenger Out-Bus Time Cost Research

Analysis of the Time Cost of Passenger to Leave Station
2.1.1. Bus Station Service Area Division. The total travel time of passengers depends on the service area of the bus station. The service radius of station is determined by walking distance and generally is about 500 m [4] . But for the division of the service area, previous studies generally used the circle method which simply assumes that the site is the center and the service radius is a circle redius. Although the method is simple and direct, the part of different service areas will overlap and some travel areas are not included in the service area that brings certain influence to the study of the passenger to leave station. In this paper, as an example of Nanjing 3 bus, based on service radius of 500 m, Thiessen polygon method is applied to divide the service areas of the stations [5] . Original site distribution and service area division are shown in Figure 1 .
Walking Time Cost
Calculation. Generally speaking, passengers by bus first are required to travel from the starting point to reach the bus lines and then walk along the bus route to the nearest bus station. Therefore, the distance for passengers to reach the bus station is divided into two parts: walking distance to the line and walking distance to the station [6] .
(1) Walking Distance to the Line [7] . For a fixed bus route, the average distance of passengers walking to the line has little relations to do with the bus station spacing and through the establishment of space rectangular coordinate system is derived as shown in Figure 2 . Coordinates of the cell centroid is shown by ( , ). Coordinates of bus station are shown by ( , ). The bus lines through the road can be obtained by the coordinates of both ends. Its linear equation is + + = 0. Draw a vertical line through cell centroid to the bus lines through the road to get straight line :
. By plane analytic geometry can be obtained:
Therefore, distance to the line 1 is the distance between centroid and pedal that is obtained by calculating
(2) Walking Distance to the Station [8] . Based on the Tyson polygon method, the service area of each bus station is divided. So after drawing a vertical line from the starting point to the straight line that the bus travels, the location where pedal is has been identified in the service area of a station. The characteristic of passenger choosing site spacing cut-off point does not need to be analyzed and the choice of the upstream site or downstream site does not need to be considered. According to the above the Cartesian coordinates, walking distance to the station 2 that the distance between pedal and site can be obtained. Through solving, 2 is obtained:
To sum up, passenger walks distance to station = 1 + 2 . Its time cost 11 is
V is passenger normal walking speed; its value is 5 km/h.
Analysis of the Time Cost of Site Waiting.
Each passenger waiting time varies, but it is closely related to grid spacing and number of passengers arriving [9] . Let 0 = 0 ( , = 1, 2, . . .) indicate the time of th bus reaching bus station. Let ( = 1, 2, . . .) indicate the intervals of two adjacent buses reaching bus stations, = − −1 . Let ( ) be the distribution function of . The mean of ( ) = ( ≤ ), = 1, 2, . . ., is 1 . The variance of ( ) is . Assume that passengers arrive at the bus station with Poisson stream of intensity 1 and that the number of passengers who arrive at the bus station is ( ) at any time (0, ). 
Based on conditions desired properties, in the time [ −1 , ], the cumulative average waiting time of passengers is
Thus, the cumulative average waiting time of passengers in the time interval of any two adjacent buses leaving the bus station is deduced:
From the above equation, the two factors, bus arrival time interval and passengers arrival strength, affect cumulative waiting time of passengers.
Per capita average waiting time is 
, are the time of a passenger up and down at the bus starting and finishing site.
In summary, the out-bus time of unit passenger is
Passenger In-Bus Time Cost Research
Bus Normal Travel Time Cost Analysis.
On the road of no stops and intersection assuming that bus travels without the effect of other vehicles, the bus travels with constant speed V . So the traveling time of the bus is stationary. Its expression is
is the normal traveling time of the bus. is the average distance for each passenger taking the bus. V is the average traveling speed of the bus on the road.
Bus Delay Time Cost Analysis
Bus Delay in the Intersection.
The delay time of the bus in the intersection is affected by signal cycle, signal green ratio, queuing vehicle length of the intersection, vehicle flow at intersection, and the time of the bus arriving at the intersection. In addition, bus delay in the intersection is related to bus lane. Therefore, the delay time of the bus in the intersection is affected by many factors [11] .
Assuming that in the time the average saturation of an import road in the intersection is , signal cycle length is always , the red light length is , the green light length is , and the number of vehicles arriving at the intersection in the signal cycle obeys Poisson distribution, recorded as ∼ ( 2 ). The saturation value of the vehicle reaching the intersection in the signal cycle is . The headway of two adjacent vehicles in the queuing traffic is 0 . The saturated queue length in the cycle is 0 . If > 0 , traffic appears supersaturated and there is the vehicle secondary parking. Assume that the time of vehicle reaching the intersection obeys uniform distribution. So the time interval of two adjacent buses is /( + 1).
Calculate the delay time of the vehicle in the intersection with each signal cycle.
If ≤ 0 , the total traffic delays time is
If > 0 , the total traffic delays time is
is 1, 2, . . .. The probability of is 1 , 2 , . . . , . If the average saturation is , the total delay of vehicles on import road of the intersection with each cycle is
The average delay of all vehicles, namely the bus delay at intersection is:
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Bus Delay in the Station.
Bus delay in the station is the difference between the time from bus driving into bus stations to exiting the bus stations and the time that bus leaves the site, mainly including deceleration delay, queuing delay, and leaving acceleration delay. The delay is mainly related to the bus models and performance, the size of the platform, platform arrangement, the number of bus stop lines of each site, and the number of waiting passengers [12] .
Based on the investigation of inbound and departure time of Nanjing 3 bus different sites, the distribution of deceleration time when the bus travels into the station and the distribution of acceleration time when the bus leaves the station are concluded, respectively, as shown in Figures 3 and  4 .
The figure shows that the buses stop deceleration and outbound acceleration time delay has no certain regularity, so it is needed to take the average of two kinds of delays. That is, = 6.88 + 11.03 = 17.9.
(17)
Multiple line bus stops, especially the bus station of the main road or the central region of many large and medium cites, usually have more than one location, some large bus stations even have three or four parking positions. The buses lining up for stop is a simple type of queue, and first in first out. So the site can be seen as M/M/N system of single line and multichannel service. Through calculating the corresponding index of the system, the average delay time of bus lining up in the station can be concluded. The specific calculation process is as follows.
Set in the bus station that vehicle arrival law obeys Poisson distribution of parameter 3 , the vehicle carrying capacity of bus station obeys negative exponential distribution of parameter 3 , and the number of the parking positions of the station is 0 .
The service intensity of the bus station is
The probability of no buses parking in the station is
The average queue length of the station is
The average queuing delay is From the linear regression fitting on the investigation data, the relationships between bus service times and passenger volumes are given as follows: , are get on the bus and get off traffic, respectively. In conclusion, the bus stop time is = max ( , ) + .
(23)
Passenger In-Bus Time Cost Model.
Through the above analysis, the normal driving time, delay, and stop time for buses are obtained. To find out the reasonable bus station spacing, this study focuses on the passenger in-car time [14] . Like (1) , is the average distance of the passenger taking the bus. Hypothesis is average bus station spacing, unit of passenger travel starting site is , and purpose of the site is
(24)
Assume that the road that the bus travels on average every (m) has an intersection. The unit passenger bus number is required to pass through intersection
Passengers in the first and + stand, respectively, accelerate away from the station and deceleration process station. In the first +1 ∼ + −1 station is slow pit stop, accelerating away from the station. So the unit in the process of the bus passengers has a total of deceleration delays. At the same time also it experienced a process of bus line stops times.
For stopping time, except the boarding time and getting off time, passengers experienced − 1 times bus station stopping.
In conclusion, in-car time of one passenger is
Station Spacing Optimization Based on Game Theory
Nash Bargaining Solution.
For bargaining problems ( , V), its purpose is to find a reasonable configuration from ∩ {( 1 , 2 ) | 1 ≥ V 1 , 2 ≥ V 2 } and get the resulting configuration notes for ( , V), which is bargaining solution function of the problem.
Nash bargaining solution has the following five axioms [15] :
(1) individual rationality, In the case of meeting the five axioms, Nash proved that the two-person bargaining problem has only a bargaining solution.
Bargaining for two people ( , V), which meet the only bargaining solution of axiom 1-5, the solution ( 1 , 2 ) maximizes the Nash product ( 1 −V 1 )( 2 −V 2 ). Or its bargaining solution is the solution of the following question:
(27)
Spacing Optimization Based on Nash Bargaining Two Sites
Basic Assumptions.
According to the account of previous chapters, we can see that total passenger bus travel time can be divided into outside and inside the car time, while the site space affects the two times. Regarding the out side bus and inside bus costs as two rational players. It is that the reduction of the outside cost will inevitably increase the inside cost, and reducing the inside costs will increase the cost of outside car. In order to make the two combined, that is, to minimize the cost, passenger bus travel will introduce two-person Nash bargaining problems. So define the following parameters [16] :
min : site spacing can reach the minimum, max : site spacing can reach the maximum, * : the optimal value of site spacing, Assuming that the outside car cost 1 and the inside car cost 2 to cooperation and competition, there are two strategies, respectively: the individual optimal and consider the overall optimal inward. Have the game model shown in Table 1 . Obviously, the 1 and 2 at the same time to be the optimum are not possible. When the 1 consider overall optimal and 2 is still on the premise of its own optimal, 1 in order to accommodate the 2 is bound to get maximum value; with be 2 to consider the overall optimal and 1 is still on the premise of its own optimal, 2 shall take maximum. Three of the passengers in the total time of transit mode are not optimal. Only when the 1 and 2 considering overall optimal at the same time, to get the minimum total time cost.
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The Optimal Station Spacing
Solving. Through the above assumption and analysis, there can be a game between the outside car and the inside car costs as two-person bargaining problems. In order to maximize the overall interests of 1 and 2 , the bargaining problems are needed to be solved to conclude the optimal solution, * 1 and * 2 . The problem is different from general bargaining problems, the desire of the optimal solution is the minimum value of 1 + 2 , and so Nash product for the problem is ( 1 max − 1 )( 2 max − 2 ). It is to solve the problem max ( 1 max − 1 ) ( 2 max − 2 ) .
(28)
(1) Solving 1 max . When the largest site spacing is achieved, the maximum of passenger outside car costs is found. Assume that there are only the first and last stations, the time costs for walking outside car will increase. Set the original bus lines at the end of the first and station, respectively, are 0 and . Passengers travelling during site , site distribution and passengers point diagram shown in Figure 7 .
When the site is from +1 to 2 for now, walking distance to the station for the passengers is : change the site before the number of passengers takes 1 upstream site selection, when choosing downstream site take 0. The below is the same.
Due to the decrease in the number of sites, the bus running time will also be reduced; the bus service frequency changes. Assume that the bus departure time interval is proportional to the bus running time. Can by solving site 
, are, respectively, to reduce site bus before and after running all the time.
is that the bus runs all the distance.
The departure interval time averages can be obtained after reducing the site:
In conclusion, the maximum available passengers outside the car cost are
(2) Solving 2 max . When site spacing is very small, passenger car costs would be great. It increases the dock delays and the stop time. Dividing the original site spacing into 2 parts, which means that the distance to the site from the travel point includes the walking distance only, passengers reaching the bus line indicates they reach the site. The beginning and the end of the passenger bus sites are, respectively, and + ⋅ 2 −1 (the original to the upstream station ) or and + ⋅ 2 +1 (the original to the downstream station), as shown in Figure 8 . At this time for passenger, car cost is
(3) Nash Product Solution. In conclusion, we can get Nash product expression:
Advances in Mechanical Engineering 7 where 2 = − (−1) 2 , = [ / + 0.5] is the function for , and the rest of the parameters are constants that can be measured, so to simplify the above formula,
( 1 max − 1 ) ( 2 max − 2 ) = ( 1 + 1 ) ( 2 + 2 ) .
(35)
Put in (35) derivative, and make it equal to zero; getting the Nash bargaining solution is the bus station spacing of the optimal solution: * = √ 2 1 1 2 .
(36)
Summary
In this paper, the author made the division of all the bus stops service area by the Thiessen polygon method to build plane rectangular coordinate system and bring the passenger travel time model as the result. Compared with the method of building plane rectangular coordinate system directly, it is clear that which site can be used for the passengers travelling at different points. This paper omits the step that computes in which site passengers get on the bus. In the study of the bus stopping time, the author introduced the single multichannel queuing service system which is widely used in traffic engineering to study the bus stops queuing time. The model of the relation between the car time and site space was built based on the comprehensive analysis of passengers' time at every stage in the car. Finally the author introduced the game theory of Nash two-person bargaining problems and assumes that the two sides are the vehicle external time and the vehicle interior time. On the basis of Nash bargaining solution, the paper gets the bus-site spacing when vehicle external time and the vehicle interior time sum is minimal. The limitation of this study is that the influence of the traffic flow at peak hours has not been taken into consideration. This effect should be involved in the future study.
